Acute limb compartment syndrome (ALCS) is a surgical emergency associated with significant morbidity if not diagnosed promptly and treated effectively. Traumatic injury is the most common cause of ALCS. However, a number of iatrogenic causes have been reported. We describe a case of severe and eventually lethal ALCS which complicated veno-arterial extracorporeal membrane oxygenation (ECMO) in a previously well young woman.
CASE HISTORY
A 39-year-old, 18 weeks pregnant female (G2P1) sustained an out-of-hospital cardiac arrest of unknown cause in the middle of the night. Approximately 45 minutes elapsed prior to restoration of spontaneous circulation. On admission to the emergency department and subsequently the intensive care unit, the patient was severely hypoxic (P a O 2 29 mmHg, FiO 2 1.0). Echocardiography revealed a dilated right ventricle and a presumptive diagnosis of pulmonary embolism was made. Thrombolytics were administered and heparin commenced. Attempts to improve oxygenation with high positive end-expiratory pressure, nitric oxide and transtracheal insufflation were unsuccessful. The patient was normotensive initially but subsequently developed cardiac failure despite multiple inotropes (noradrenaline 40 µg/minute and adrenaline 12 µg/minute).
Veno-arterial ECMO was commenced approximately four hours after admission. Arterial and venous cannulae (21 Fr) were inserted into her left femoral artery and vein, respectively. The femoral artery required dilation prior to insertion of the cannula. A backflow arterial cannula was not used. Intrinsic cardiac function stopped for about two hours due to refractory ventricular fibrillation, but returned when her temperature was increased from 28 to 36°C. On commencement of ECMO, the noradrenaline infusion was ceased and the adrenaline infusion was increased to 20 µg/minute. Over the following 48 hours, this was weaned to 8 µg/minute. The ECMO pump flow was maintained between 4.0 and 4.5 l/minute. FiO 2 was set at 0.4, which resulted in P a O 2 values in excess of 100 mmHg.
Two days after ECMO was commenced, the patient was noted to have a fixed plantar flexion deformity of her left ankle. Clinical assessment of the tenseness of her leg compartments was limited by lower limb oedema, secondary presumably to massive fluid resuscitation. Her foot was warm and appeared well perfused, and capillary refill was not delayed. Pedal pulses were not palpable. However, they had not been palpable in either foot throughout the patient's admission. The possibility of ALCS was raised and compartment pressures were measured. The pressures in her anterior, lateral and deep posterior compartments were between 30 and 40 mmHg, and the pressure in her superficial posterior compartment was greater than 100 mmHg. The pressure in her contralateral superficial posterior compartment was 15 mmHg. Her diastolic blood pressure at the time (measured via an axillary arterial line) was 80 mmHg. There was no haematoma at the site of cannulation. The patient's creatine kinase at the time of diagnosis of ALCS was 23,000. This had not been measured previously.
A double-incision, four-compartment fasciotomy was performed. This demonstrated non-viable muscle in the anterior, lateral and superficial posterior compartments. The contents of the deep posterior compartment appeared viable. no muscle was debrided and vacuum dressings were applied. Subsequent ultrasonography of the left lower limb showed low grade monophasic flow throughout the arterial system, except for the common femoral artery which could not be adequately assessed with the ECMO cannula in situ. Augmentation was demonstrable throughout the deep venous system, except for the common femoral vein and peroneal veins, which were not seen.
The ECMO was weaned as rapidly as possible and the cannulae were removed 30 hours after the fasciotomy. Despite this, the patient developed a progressively ischaemic leg, resulting in worsening metabolic acidosis despite haemofiltration. The patient was transferred to theatre to undergo an emergency above-knee amputation. However, she became too unstable to proceed safely with the operation. After discussion with the patient's family, and with the knowledge that she had sustained significant neurological damage, active treatment was withdrawn and the patient died soon after.
DISCuSSIOn
Compartment syndrome is a condition in which increased pressure within a limited space compromises the circulation and function of the tissues within that space 1 . The condition most commonly affects the muscular compartments of the leg and forearm 2 . Traumatic injury is the most common cause of ALCS. However, a number of iatrogenic causes have been reported. These include prolonged surgery in the lithotomy 3 and hemilithotomy 4 positions, tightfitting casts 5 , prolonged tourniquet application 6 , extravasation of intravenous fluids 7 , intra-aortic balloon counterpulsation 8 and intraosseous fluid resuscitation 9 . There has been no case of ALCS in the setting of ECMO therapy reported in the literature to date.
According to the arteriovenous gradient theory, the perfusion of tissues within a compartment depends on the pressure gradient, or perfusion pressure, between the arterial and venous ends of the compartmental circulation 10, 11 . A decrease in this pressure gradient, either by decreasing the arterial pressure or increasing the venous pressure, will result in decreased tissue perfusion. Tissue ischaemia results in interstitial oedema, which raises compartmental pressure and further decreases perfusion pressure. Once this positive feedback cycle exceeds the lymphatic system's capacity to remove excess fluid from the tissue and occludes venous outflow from the compartment, an ALCS develops.
In this case, the patient had a tight-fitting arterial ECMO cannula without a backflow port (allowing flow to the limb through the cannula) inserted into her left femoral artery. This significantly reduced the arterial flow in her leg, as evidenced by the ultrasound findings. Although she had normal flow in her venous system, having a large bore ECMO cannula placed proximally in her common femoral vein would also theoretically increase venous pressure throughout the limb. Acting together, these two physiological insults would have caused a significant reduction in the perfusion pressure within her leg compartments, potentially precipitating the ALCS.
The clinical diagnosis of ALCS in unconscious patients is difficult. The clinical signs -pain out of proportion to the injury, pain on passive stretch of muscles within the affected compartments, paraesthesia of skin and paresis of muscles supplied by nerves traversing the affected compartmentsare not present 11, 12 . Palpable tenseness of affected compartments can be difficult to assess with concurrent peripheral oedema, and the presence of peripheral pulses does not exclude the condition 12 . The clinical sign noted in this case was a fixed plantar flexion deformity of the ankle. As the superficial posterior compartment was under the greatest pressure, it adopted the position of maximal volume by shortening the length of the compartment, resulting in the observed position of the ankle.
Compartment pressure measurement provides an objective method of diagnosis in unconscious patients. In the trauma care setting, compartment manometry is recommended in unconscious patients with limb injuries at risk of developing ALCS 11 . This case highlights the fact that patients with ipsilateral arterial and venous femoral cannulae are also at risk of developing the condition. Medical and nursing staff in the intensive care setting should be aware of the risk of ALCS developing in patients receiving veno-arterial ECMO therapy, and have a low threshold of suspicion for measuring compartment pressures. The definitive treatment for ALCS is surgical decompression. The double-incision technique described by Mubarak and Owen enables safe decompression of all four compartments in the leg with good visualisation of neurovascular structures 13 . There is significant morbidity associated with delayed diagnosis and treatment of ALCS. Prolonged ischaemia can result in Volkmann's ischaemic contracture and neurological deficit 11 . Two case series have shown that a normal functional outcome is rare when fasciotomy is not performed within 12 hours of the onset of the condition 14, 15 . Rhabdomyolysis releases myoglobin and potassium into the systemic circulation, which can cause acute renal failure and cardiac arrhythmias 11 . These factors may have contributed to the patient's death in this case.
In conclusion, ALCS is a surgical emergency with significant adverse outcomes if not diagnosed and treated promptly. While diagnosis of ALCS in unconscious patients is not straightforward, the critical step is to recognise patients at risk of the condition. Patients with ipsilateral, large bore arterial and venous cannulae have a reduced compartmental perfusion pressure, increasing their risk of ALCS. Such patients need to be closely monitored for the development of the condition.
We recommend that intensive care units develop clinical practice guidelines for the use of ECMO therapy in order to minimise the risk of similar adverse events in the future. Key points which should be addressed include appropriate monitoring of patients receiving ECMO therapy, involvement of relevant specialty units in the care of such patients and the use of backflow arterial cannulae which allow limb perfusion.
